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While a variety of methods have been described (1-10) for 
using echocardiographic Doppler methods to calculate vol-
ume flows and cardiac output across different cardiac valves 
or great arteries, there are few data that report the relative 
accuracy of these methods when compared with" gold stan-
dard" measures of volume flow under tightly controlled and 
reproducible conditions. The applicability of the methods 
described for calculating cardiac output, seemingly so prom-
ising in experimental animal studies and in clinical pediatric 
studies as well, to some extent ( II) still remains controversial. 
Doppler velocimetry for determining cardiac volume 
flow. The general requirements for determination of cardiac 
volume flow by a Doppler method include: I) Quantitative 
Doppler velocities over the cardiac cycle obtained either 
parallel to or at a known angle of incidence to the direction 
of flow. These velocity waveforms can be subjected to pla-
nimetry to yield mean temporal flow velocity; 2) an estimate 
of the area over which flow is occurring either as a static 
estimate, obtained at one time in the cardiac cycle or a 
dynamic estimate of flow area taking into account phasic 
changes in flow area across atrioventricular (A V) valves (2) 
or the known pulsatile expansion that occurs in great arteries 
( 12). 
There is substantial evidence from animal studies (2,4,8) 
and from in vitro studies in experimental flow systems that 
Doppler velocimetry gives correct values of velocity com-
pared with other estimators including electromagnetic flow 
technology and laser light Doppler velocimetry. There is 
also evidence that even in a clinical setting and possibly 
without simultaneous imaging, Doppler velocities can be 
obtained relatively parallel to flow, reproducibly by different 
observers who can also compute velocity time integral from 
those curves with little va:iability (13). The difficulties and 
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controversies surrounding the cardiac output methodology 
appear to lie with the determination of a relevant area of 
flow by noninvasive methods. It is the latter difficulty that 
has led to the many different methods using valvular orifice 
(2), valvular anulus (14) or great arteries themselves (3-5). 
Accuracy of the method. The paper by Stewart et al. 
(15) in this issue of the Journal reports experiments using 
a highly accurate right heart roller pump method for mea-
suring and controlling cardiac output to study the relative 
accuracy of measurements of volume flow by the Doppler 
method across the aortic, pulmonary and mitral valves, and 
examines the contributions of changing vessel or flow orifice 
size and changing velocity when cardiac output increases. 
These authors also examined the interobserver reproduc-
ibility of Doppler volume flow calculation measurements 
across the three valves. The animal model described by 
Fisher et at. (2) was modified so that the roller pump delivers 
blood back into the right atrium; this allowed the authors 
to study flow in the pulmonary artery, although they found 
this vessel less accurate for Doppler flow calculation than 
either the aortic or the mitral valve. The reproducibility of 
measurements between observers is only briefly commented 
on, but it appears that in this regard, the mitral valve data 
provided the most consistent and closest correlation with 
the roller pump data obtained by each of the two observers. 
These authors also found that for both the pulmonary artery 
and mitral valve flows, there were substantial changes of 
vessel or valve orifice size with increasing cardiac output. 
These must be given greater weight in serial studies than 
the lesser changes in aortic diameter they observed. 
The lesser accuracy of the pulmonary method is not very 
important in adult studies because in few adults is the pul-
monary artery imaged well enough for diameter measure-
ment. The expansion of the pulmonary artery with increased 
flow is important in pediatric studies which attempt to mea-
sure Qp:Qs ratios. 
Clinical applications. It should be made quite clear that 
the method for aortic flow determination used by Stewart 
and coworkers (15) involved measurement of the valve di-
ameter at the level of insertion of the aortic valve from a 
parasternal long-axis view, where this represents an axial 
measurement (inner to inner), combined with Doppler in-
terrogation from the apex to place the sample volume just 
distal to the aortic leaflets. As pointed out by these authors, 
this is in contrast to most previously described methods, 
which use the suprasternal approach for imaging, measure-
ment of flow diameter, obtaining Doppler waveforms or 
both parts of the study (3,4,7). The authors preferred method, 
it seems, requires two views, as does the mitral method. 
They correctly state that the apical view is a window ac-
cessible for imaging in most adults and a view that provides 
interrogation of flow in a direction parallel to the aorta, but 
they fail to point out limitations of sensitivity and potential 
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limitations of velocity resolution for aortic flows studied 
from the cardiac apex in adults where the aorta will be far 
away from the transducer. 
The mitral valve orifice method (2), the accuracy of which 
is verified in experimental animals in the present study (15), 
has been likewise difficult to apply in adult studies. It ap-
pears that the greatest difficulty encountered clinically lies 
not with the determination of mean to maximal separation 
ratio, as stated by these authors, nor with the complexity 
of the method, but with the ease or difficulty of obtaining 
a clean image of the true orifice of thin pliable mitral leaflets 
on a short -axis view obtained perpendicular to and at the 
level of the leaflet tips. Because of this clinical problem, 
Touche et al. (16) recently proposed a mitral valve elipse 
method that uses mitral anulus diameter for the long axis 
of the elipse, and a dynamic estimator for the short axis of 
the elipse estimated from M-mode leaflet separation; they 
instantaneously integrated the changing orifice with the 
changing velocities throughout the cardiac cycle. 
If echocardiographers expect less than 15% variability in 
a Doppler method for cardiac output applicable to a wide 
variety of patients, in some of whom either imaging or 
Doppler recording may be easier with certain views than in 
others, they will need to give meticulous attention to detail, 
especially regarding the determination of flow area, and will 
need to be flexible about which sites they use and probably 
try to use several sites (despite the time period of exami-
nation required) in each patient. Obviously if determinations 
at several sites in the same patient (without a shunt) are 
close together, then the correct answer is probably close to 
the average of the determinations. If there is wide variability 
among sites, this raises the possibility that some, if not all 
of the determinations, have substantial error. It is probably 
naive for us to expect that cardiac output, a measurement 
we have desired to obtain noninvasively for such a long 
time, will be given to us by highly simplified methods that 
do not require significant time to accurately gather and com-
pute the data. 
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